vidence has accumulated that hemostatic factors may play a role in the occurrence of cardiovascular diseases. Plasma fibrinogen 13 and factor VII 2 have been shown in prospective epidemiological studies to be positively associated with cardiovascular disease incidence. Clinical or epidemiological evidence suggests that other factors, such as factor VIII, 2 -4 von Willebrand factor, 45 protein C, 4 and antithrombin III (AT-III), 6 may also be related to cardiovascular disease occurrence. It is uncertain, however, whether hemostatic factors are associated only with the thrombotic component of cardiovascular disease or also with the atherosclerotic process.
We recently reported that 385 asymptomatic cases with increased carotid intimal-medial wall thickness (an indicator of atherosclerosis) in the Atherosclerosis Risk in Communities (ARIC) Study had higher fibrinogen levels than 385 normal control subjects. 7 In this report we extend the ARIC analysis of hemostatic factors and carotid intimal-medial thickness to the whole cohort of 15 800 participants and also report the associations of multiple hemostatic factors with prevalent cardiovascular diseases.
Methods
The ARIC Study 8 -9 is a prospective investigation of atherosclerosis and clinical atherosclerotic diseases in four US communities: Forsyth Co, NC; Jackson, Miss; the northwest suburbs of Minneapolis, Minn; and Washington Co, Md. One aspect of the study includes examination and follow-up of a biracial cohort totalling 15 800 persons aged 45 to 64 years at recruitment in 1986 to 1989.
A baseline home interview assessed participants' health behaviors, sociodemographics, and disease histories. A clinic examination included measurements of cardiovascular disease risk factors, a 12-lead electrocardiogram, and a B-mode ultrasound exam of selected arterial sites. Subjects were asked to fast for 12 hours before the clinic examination. Blood was drawn from an antecubital vein of seated participants with minimal trauma (monitored by the time required to fill the first blood tube). Specimens were collected into vacuum tubes containing sodium citrate (hemostatic factors), EDTA (lipids), and a serum separator gel (glucose). The tubes were centrifuged at 3000g for 10 minutes at 4°C. After separation, aliquots were quickly frozen at -70°C until analysis within a few weeks.
Hemostatic variables were measured at the University of Texas Health Science Center at Houston. The reference material for assays was the Universal Coagu-lation Reference Plasma (Thromboscreen, Pacific Hemostasis, Curtis Matheson Scientific, Inc, Ventura, Calif). Detailed methods have been published. 1011 In brief, fibrinogen was measured by the thrombin-time titration method 12 with reagents and calibration materials (Fibriquick) obtained from General Diagnostics (Organon-Technika Co, Morris Plains, NJ). Factor VII and VIII activities were measured by determining the ability of the tested sample to correct the clotting time of human factor VII-or factor VHI-deficient plasma obtained from George King Biomedical Inc, Overland Park, Kan. The plasma factor VII and VIII levels were expressed as a percentage by relating the clotting time to a standard calibration curve constructed with each assay, von Willebrand factor antigen and protein C antigen were determined by enzyme-linked immunosorbent assay kits from American Bioproducts Co, Parsipanny, NJ. AT-III activity was measured by a chromogenic substrate method and expressed as a percentage of the standard. Activated partial thromboplastin time (aPTT) was measured on an automated coagulometer (Coag-A-Mate X-2, General Diagnostics). Strict internal quality controls were instituted to ensure the accuracy and precision of these assays. Reliability coefficients (method variance plus intra-individual variance divided by total variance) obtained from repeated testing of individuals over several weeks were 0.72 for fibrinogen, 0.78 for factor VII, 0.86 for factor VIII, 0.68 for von Willebrand factor, 0.56 for protein C, 0.42 for AT-III, and 0.92 for aPTT. 13 Plasma total cholesterol 14 and triglycerides 15 were measured by enzymatic methods, and low-density lipoprotein (LDL) cholesterol was calculated. 16 High-density lipoprotein (HDL) cholesterol was measured after dextran-magnesium precipitation. 17 Serum glucose was assessed by the hexokinase method. Because an oral glucose-tolerance test was not performed, prevalent diabetes mellitus was defined as a fasting glucose level >140 mg/dL, nonfasting glucose level >200 mg/dL, and/or a history of or treatment for diabetes.
Circumferences of the waist (umbilical level) and hip (maximum buttocks) were measured to the nearest centimeter. The ratio of waist and hip circumferences was calculated as a measure of fat distribution. Three measurements of systolic and diastolic fifth-phase blood pressures were taken in the right arm of each seated participant. The mean of the last two measurements was used. Prevalent hypertension was defined as systolic pressure >140 mm Hg, diastolic pressure >90 mm Hg, or use of antihypertensive agents. Prevalent "coronary heart disease" was defined as a history of angina pectoris by the Rose questionnaire, 18 a self-reported history of a physician-diagnosed heart attack, evidence of a prior myocardial infarction by electrocardiogram, or a history of cardiovascular surgery or coronary angioplasty. Prevalent "cardiovascular disease" was defined as prevalent coronary heart disease, intermittent claudication by the Rose questionnaire, 18 or a selfreported history of a physician-diagnosed stroke.
Carotid artery atherosclerosis was determined by high-resolution B-mode ultrasound. 19 Trained technicians in each field center scanned the extracranial carotid arteries bilaterally. The arteries were divided into three segments: the distal 1.0-cm straight portion of the common carotid artery, the carotid bifurcation, and the proximal 1.0 cm of the internal carotid artery. Thus, including both sides, six artery segments were scanned. B-mode data were recorded onto high-resolution 3/4-in. cassettes and interpreted by trained readers according to a standardized protocol. 20 Using magnified images, readers recorded for each 1-cm segment as many as 11 coordinate points from each echogenic interface that identified an arterial boundary. Between-reader and within-reader coefficients of reliability for average artery wall thickness in the three segments were all 0.90 or greater. 20 Because of technical difficulties, the scans of the 1858 participants examined during the first 6 months of the study have not yet been read. The unread group was approximately a random sample of the entire ARIC cohort of 15 800 because the ARIC design involved monthly probability sampling.
The variable of primary interest was the average intimal-medial thickness of the far wall of the six carotid artery segments. The rationale for intimal-medial thickness as an indicator of early atherosclerosis has been described, 21 as has its strong association with major cardiovascular disease risk factors. 9 Poor visualization of carotid boundaries led to missing information in part of the six segments on some scans. Where possible, values for the missing boundaries were imputed from the visualized boundaries. The first step of imputation was geometric interpolation of any of the 11 coordinate points that were missing by using a cubic splining technique. No splining was done when fewer than three coordinate points were available. If there were still insufficient data for a segment, wall thickness was imputed from sex-and race-specific multivariate linear models, employing as predictors the visualized boundaries and two variables related to poor visualization, namely body mass index and artery depth. The imputation models were fit by the EM algorithm 22 using BMDP5V. 23 This report is based on 13 332 scans with currently available ultrasound readings. Some imputation was required for 17% of the common carotids, about 39% of the carotid bifurcations, and 58% of the internal carotids. For analysis, we took the overall unweighted average of the mean intimal-medial wall thickness (measured or imputed) of the six arterial segments.
Although the ARIC cohort totalled 15 800 participants, this analysis was restricted to 14 904 participants who reported their race as black or white and who responded negatively to the question, "Are you taking 'blood-thinning medications'?" Participant characteristics were described as sex-and race-specific means and standard deviations or prevalence estimates. Hemostatic factor levels of those with prevalent cardiovascular disease versus no cardiovascular disease at baseline were compared by t tests. Odds ratios for prevalent cardiovascular disease per 1 SD differences in hemostatic factor levels were computed from multiple logistic regression models. Two models were examined: the first adjusted for age, race, and ARIC field center; the second adjusted for the three aforementioned factors plus LDL cholesterol, HDL cholesterol, diabetes, hypertension, cigarette-years of smoking, and waist-to-hip ratio. Adjustment for aspirin use and dietary factors was not required because they were not appreciably associated with the hemostatic factors studied. The analysis of carotid wall thickness data was restricted to those without prevalent cardiovascular disease at baseline. Age-adjusted average wall thickness values were computed according to quartiles of hemostasis variables using a weighted ANCOVA. (Weights accounted for the number of sites for which the mean wall thickness was imputed rather than measured.) The relation of carotid wall thickness to the hemostatic variables was further assessed using weighted least-squares multiple regression models. Finally, odds ratios for thickened carotid artery walls (>90th percentile) versus <50th percentile were computed from multiple logistic regression models. Table 1 shows the characteristics of ARIC Study participants who reported that they did not take "bloodthinning medications" at baseline. Detailed differences in hemostasis variables among race-and sex-specific groups have been described fully in a previous report. 24 Participants with prevalent cardiovascular disease had 10 to 19 mg/dL higher fibrinogen concentrations than those free of cardiovascular disease in all race-and sex-specific groups (Table 2 ). Factor VII was higher in women with cardiovascular disease but not in men. Factor VIII and von Willebrand factor were higher in participants with cardiovascular disease in all race-and sex-specific groups, although not always at P<.05. Protein C, AT-III, and aPTT showed no material associations with prevalent cardiovascular disease as a whole.
Results
As Table 3 shows, after adjustment for age, race, and ARIC field center, the odds ratio of prevalent cardiovascular disease per 1 SD (65 mg/dL) higher fibrinogen value was 1.25 in men and 1.14 in women (both F<.05).
Among those who had never smoked this fibrinogen odds ratio was 1.20 in men and 1.07 in women; among past or present smokers the odds ratio was 1.23 (men) and 1.21 (women). Odds ratios were also greater than 1.0 per 1 SD higher factor VII (women only), factor VIII (both sexes), von Willebrand factor (both sexes), AT-III (men only), and protein C (women only) value and less than 1.0 for 1 SD higher aPTT value (women only). Further adjustment for lifestyle and biochemical correlates of the hemostatic factors (Table 3 ) appreciably reduced the odds ratios. Age-, race-, and center-adjusted odds ratios per 1 SD of each hemostatic factor are shown for prevalent coronary heart disease (1616 cases), stroke (175 cases), and intermittent claudication (100 cases) separately in Figure 1 . Odds ratios for coronary heart disease were nearly identical to those of model 1 in Table 3 , because coronary heart disease comprised most of the prevalent cardiovascular disease. Odds ratios for stroke were >1.2 (P<.05) for the following: fibrinogen (odds ratio, 1.2 in men and 1.4 in women), factor VII (1.3 in women), factor VIII (1.3 in women), von Willebrand factor (1.3 in women), and protein C (1.3 in men). For claudication, odds ratios were >1.4 (P<.05) for fibrinogen (1.4 in men and 1.5 in women), factor VIII (1.5 in men and 1.4 in women), and von Willebrand factor (1.7 in men).
The age-adjusted relations of carotid artery intimalmedial wall thickness to hemostatic factors were examined in subjects free of prior cardiovascular disease. The only consistent association was for fibrinogen ( Figure  2) ; in all four race-and sex-specific groups, the association was positive with generally a dose response. The fibrinogen association was significantly stronger (/ J <.01) in men than women. There was no linear association for factor VII, factor VIII, or von Willebrand factor ( Figure  2 ) nor for protein C, AT-III, or aPTT. There also was no U-shaped association with AT-III, as has been previously suggested. 6 After pooling the data for both races, fibrinogen was still the only factor showing an age-, race-, and centeradjusted association with carotid wall thickness at P<.01 (Table 4, wall thickness per each SD greater fibrinogen concentration. Adjustment for other fibrinogen correlates (Table 4 , bottom half) attenuated the estimates. Adjustment for hematocrit and platelet count or tests for interactions of fibrinogen with these two factors failed to change these estimates further (data not shown). Although factor VII was not associated with carotid wall thickness when adjusted only for age, race, and *Other covariates were low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, diabetes, hypertension, waist-to-hip ratio, and cigarette-years of smoking.
center, it surprisingly became inversely associated with wall thickness after adjustment for the larger group of covariates. In this multivariable model (not shown), each 1 SD higher factor VII value (30%) predicted a lower wall thickness by 0.006 mm in men (P=.ll) and 0.009 mm in women (i><.001).
The carotid wall thickness data were used to further stratify participants into a group with clearly thickened arteries (>90th percentile) and one with little thickening (<50th percentile). From a logistic regression model, the estimated age-, race-, and field centeradjusted odds ratio (95% confidence interval) for thickened walls in relation to a 1 SD greater fibrinogen concentration was 1.42 (1.25, 1.62) in men and 1.43 (1.25, 1.64) in women ( Table 5 ). The odds ratios were smaller after adjustment for other risk factors.
Discussion
The major drawback of clinical, cross-sectional studies of acute cardiovascular disease and hemostatic factors is that they cannot distinguish adequately whether alterations of hemostasis are causal or consequential. In ARIC as well, hemostatic factors could have been altered as a result of chronic atherosclerotic lesion fissuring and stimulation of hemostasis. Yet, ARIC has several advantages: it is population-based, its measurements have been carefully standardized, and it has assessed prevalent cardiovascular disease under nonacute circumstances. Furthermore, associations with asymptomatic carotid atherosclerosis should be less subject to such problems of temporality than those based on symptomatic disease. The validity of carotid intimal-medial wall thickness as a measure of atherosclerosis has been demonstrated, 21 and in the ARIC Study wall thickness was also strongly associated with the major cardiovascular disease risk factors, namely hypertension, hypercholesterolemia, and cigarette smoking. 9 
Fibrinogen
The finding that fibrinogen is positively related to prevalent cardiovascular disease is consistent with abundant evidence that it is an important cardiovascular risk factor. 13 Meade 25 identifies several mechanisms by which fibrinogen may act to produce cardiovascular disease: its plasma concentration is (1) an important determinant of the amount of fibrin formed during thrombosis, (2) an important determinant of blood viscosity, and (3) a mediator of platelet aggregation. While there is no universally accepted standard for fibrinogen assays and absolute levels vary from study to study, higher fibrinogen concentrations have been associated with a greater occurrence of coronary heart disease, 13 peripheral artery disease, 26 transient ischemic attack, 27 stroke, 13 and cardiovascular events in stroke survivors. 28 In ARIC fibrinogen was associated with coronary heart disease, stroke, and intermittent claudication, consistent for blacks and whites and men and women. Associations were weaker after adjustment for other risk factors; however, this is expected, given that many of these may directly cause perturbations in fibrinogen 29 and thus does not diminish the likely importance of fibrinogen as a marker for cardiovascular disease.
The finding that fibrinogen is associated positively with asymptomatic early carotid atherosclerosis in the entire ARIC cohort supports our preliminary findings 7 and lends further credence to the hypothesis that fibrinogen is involved not only in acute coronary heart disease but also perhaps in atherogenesis. 30 ARIC's measure of carotid intimal-medial wall thickness is also associated with other cardiovascular disease risk factors 9 and prevalent coronary heart disease, suggesting that it truly is measuring atherosclerosis of potential health significance. Reported positive associations of fibrinogen with carotid atherosclerosis assessed by B-mode ultrasound in population studies 31 - 32 and clinical angiography studies 33 also support its role in atherogenesis.
The most important lifestyle determinant of fibrinogen is cigarette smoking. 29 Associations of fibrinogen with carotid atherosclerosis were therefore examined according to smoking status. Although associations appeared slightly stronger in smokers than nonsmokers among women, formal tests of statistical interaction were nonsignificant in both sexes. Thus, the fibrinogen relation with carotid atherosclerosis is present in nonsmokers as well as smokers.
Factor VIII and von Willebrand Factor
Factor VIII and von Willebrand factor, which bond together in the blood, were correlated (r=.7) in ARIC. Both were associated positively with prevalent cardiovascular disease but not with asymptomatic early carotid atherosclerosis. The odds ratios of prevalent cardiovascular disease per each SD of factor VIII and von Willebrand factor were modest: they were highest among men for intermittent claudication of the leg and among women for stroke and intermittent claudication.
Factor VIII is involved in hemostasis and thrombosis via the intrinsic coagulation system, von Willebrand factor, which plays roles in platelet adhesion to damaged vascular walls, in platelet aggregation, and in stabilizing factor VIII activity, is correlated positively with plasma levels of several atherogenic growth factors. 34 In addition, increased levels of von Willebrand factor, particularly in unusually large multimers, may be a marker of endothelial cell dysfunction. 5 Prospective population studies have reported factor VIII to be positively but nonsignificantly associated with coronary disease incidence 2 and significantly associated with prevalent cerebrovascular disease. 32 Moreover, a pro-spective clinical investigation reported factor VIII to be associated with ischemic events among vascular disease patients. 4 von Willebrand factor has been associated positively with the risk of recurrent ischemic events and death in vascular disease patients. 45 That factor VIII and von Willebrand factor are associated with clinical cardiovascular disease but not asymptomatic carotid atherosclerosis may indicate that they are involved more in the acute thrombotic component of cardiovascular disease than in atherogenesis. Alternatively, because factor VIII is an acute-phase reactant, it is possible that its perturbations are a consequence rather than a cause of atherosclerotic cardiovascular disease.
Factor VII
The finding that factor VII was associated weakly with prevalent cardiovascular disease only in women and not associated with carotid artery wall thickness was unexpected, given the positive association of factor VII with cardiovascular death in the Northwick Park Heart Study. 2 The earlier ARIC case-control study of carotid atherosclerosis suggested a weak positive association that was eliminated by adjustment for covariates. 7 Covariate adjustment in the full ARIC data set made the factor VII association inverse. Methods of factor VII measurement may account for discrepancies among the studies. However, this and one other population-based prevalence study, 32 as well as several prospective clinical studies, 
Other Hemostatic Factors
AT-III, protein C, and aPTT were not associated with prevalent cardiovascular disease or carotid atherosclerosis. In the Northwick Park Heart Study, AT-III was reported to have a U-shaped relation to cardiovascular disease incidence 6 ; in contrast, AT-III did not predict ischemic events in a prospective study of vascular disease patients. 4 Both low 4 and high 36 protein C values have been reported in association with ischemic cardiovascular disease. Thus, evidence is weak that these factors play a role in atherosclerotic cardiovascular disease. It should be noted, however, that the intraindividual and method variability of AT-III and protein C are high enough that small but real associations may be obscured. 13 
Summary
The current population-based study provides further evidence that fibrinogen and possibly factor VIII and von Willebrand factor are risk factors for cardiovascular disease. The prospective data of the ARIC Study will provide additional evidence for or against the role of hemostatic variables in cardiovascular disease risk.
